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INTEGRATED OPTIC POLARIZER/MODULATOR STATUS REPORT
Dr. Chi C. Sung and Arthur C. Ellis

Dec. 11, 1996

. Between Jan., 1996 and the bresent, I have been conducting research under Dr. Paul Ashley
(MICOM) with the purpose of designing a highly efficient integrated optic modulator that is also capable of
supporting a single, highly polarized mode of light. This device will be used to bias the output of a fiber
optic gyroscope (FOG) being developed by the U. S. Army. Throughout 1996 I have been developing skills
involving the fabrication and testing of integrated optic devices and have been concurrently developing a
better theoretical understanding of dielectric wave guides. This has led to the construction of a prototype
polarizing wave guide via the fabrication technique of photo-lithography.

The proposed modulator will consist of polymeric wave guide channels that modulate light via the
application of an electric field across the channels. For the FOG, a Mach-Zehnder interferometer will be
fashioned from the polymers, and both arms will be modulated in wi-th attached electrodes. The research
and knowledge gleaned will enhance understanding of polarization in polymeric wave guides, and an
original design concept, E-field tailoring , will be examined as a modulation scheme to increase efficiency.

Attached is an outline of the planned research schedule for the year of 1997. It can be seen on the
timeline at the end that polarization and modulator design processes will be conducted concurrently. If the
modulator scheme proves unfeasible, all energy will be devoted to the polarization study.

Note that the steps presented in the outline (Next two pages) have been marked on the timeline
(Final page). This schedule will also serve as the course of endeavor leading up to the Ph.D. degree at the

University of Alabama in Huntsville for Arthur Ellis.




PLAN AND SCHEDULE FOR DISSERTATION RESEARCH AND WRITING

I.  Modulator
A.. Case Study of options for E-field tailoring using varying resistance and electrode size
1. TM electrode configuration (Photolithography)
2. TE electrode configuration (RIE)
3. TM electrode configuration (RIE)
4. TE electrode configuration (Photolithography)
B. (Decision point) Answer questions about options raised in case study
C. Reduction of options (To determine an optimal design for fabrication and testing using
existing model and knowledge of materials and fabrication processes)

1. Use Shuping’s model (Accounts for electrode size, resistivities, dielectric constants,
fields, and channel geometry) to examine the four options in A.

2. Use available knowledge of materials and fabrication techniques to examine the options.

3. Establish figures of merit for the options in A.

4. (Decision point) Make a final decision on an option and make final design plans (such as
determining a mode size that matches a relevant optical fiber), or decide if the modulator
is worth pursuing further at all

5. Ifit is determined that the modulator scheme is not feasible, divert all time to polarizer
study in II.

Construct best option modulator in a Mach-Zehnder configuration (Option selected in I. C)
Test and Characterize the device

1. V

4
2. Other items that could prove critical
a.  Check throughput
b. Check mode size
F. (Decision point)Reconsider design
1. Is its performance favorably comparable to the figure of merit previously established?
2. Ifnot, is there time to attempt construction of the next best option selected in C. ?
3. Ifthere is not time, record knowledge gleaned

mo

Concurrently, the polarizer will be examined:

II. Polarizer
A. Case study
1. Mechanisms
a. Leaky mode scheme
i. Birefringent cladding
ii. Birefringent core
b. Dimensional considerations (Maximization of transverse geometry to support
desired polarization) :
2. Material considerations
3. Fabrication techniques (Photolithography or RIE)
B. (Decision point) Answer any questions raised by the case study ,
C. Reduction of Options (To determine best design(s) for fabrication and testing using existing
models and modifying models is necessary)
1. Establish figures of merit for given mecham'sm/materials/geometry/manufacmring
technique with existing models
a. BPM(TE planar)
b. Rprofile (solves fields for TE planar geometry)
c. TAT (Effective index method)




2. Modify existing models if necessary to deal with
a. Both TE and TM modes
b.  Scattering and 2D channel cross section geometry (if adequate theoretical support
is available)
3. (Decision point) Select best design alternative(s)
D. Construct polarizer(s) chosen in II. C.
E. Test/characterize .
1. Extinction ratios
2. Cross polarization

3. Modal output profile
F. (Decision point) Compare with models and reconsider design if necessary
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